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CLAIMS 



[Claim(s)] 

[Claim 1] In the approach of forming the optical waveguide grating from which ion-exchange mold 
optica waveguide is embedded into a glass substrate, and the refractive index is changing to this 
optical waveguide the predetermined period in the optical propagation direction the front face of a 
glass substrate - optical waveguide pattern formation - public funds - the 1st ion-exchange process 
which prepares a group mask and performs thermion exchange - The 2nd ion-exchange process 
which performs the electric-field impression ion exchange and forms embedding mold optical 
waveguide in order to embed a part for the process which removes this metal mask for optical 
waveguide pattern formation, and refractive-index increase Kabe which carried out the ion exchange 
in a glass substrate, the front face of a glass substrate - stripe-like formation [ grating ] - public 
funds - by performing the ion exchange with high-concentration ion rather than the time of the 1st 
ion exchange, preparing a group mask and impressing electric field the 3rd ion-exchange process 
which controls ion concentration distribution periodically, without breaking down the configuration 
of optical waveguide, and this grating formation - public funds - the manufacture approach of the 
optical waveguide grating characterized by providing the process which removes a group mask and 
forming refractive-index change of a detailed period in optical waveguide. 

[Claim 2] In the approach of forming the optical waveguide grating from which ion-exchange mold 
optical waveguide is embedded into a glass substrate, and the refractive index is changing to this 
optical waveguide the predetermined period in the optical propagation direction The ion 
concentration dependency of the interdiffusion coefficient in the inside of the glass of dope ion 
chooses the combination of strong ion and glass, the front face of a glass substrate - optical 
waveguide pattern formation - public funds - the 1st ion-exchange process which prepares a group 
mask and performs thermion exchange - The 2nd ion-exchange process which performs the electric- 
field impression ion exchange and forms embedding mold optical waveguide in order to embed a 
part for the process which removes this metal mask for optical waveguide pattern formation and 
refractive-index increase Kabe which carried out the ion exchange in a glass substrate, the front face 
of a glass substrate - stripe-like formation [ grating ] - public funds - the 3rd ion-exchange process 
which prepares a group mask and carries out thermion exchange with high-concentration ion rather 
than the time of the 1st ion exchange - By performing the electric-field impression ion exchange in 
order to embed the part which carried out the ion exchange at the process and the 3rd ion-exchange 
process of removing this metal mask for grating formation to an optical waveguide part The 
manufacture approach of the optical waveguide grating characterized by providing the 4th ion- 
exchange process which controls ion concentration distribution periodically, without breaking down 
the configuration of optical waveguide, and forming refractive-index change of a detailed period in 
optical waveguide. 

[Claim 3] In the approach of forming the optical waveguide grating from which ion-exchange mold 
optical waveguide is embedded into a glass substrate, and the refractive index is changing to this 
optical waveguide the predetermined period in the optical propagation direction the front face of a 
glass substrate - optical waveguide pattern formation - public funds - the process which performs 
the ion exchange using the 1st ion with which a group mask is prepared, the ion exchange progresses 
at an elevated temperature, and the ion exchange does not progress at low temperature, and forms the 
optical waveguide of an embedding mold - A group mask is prepared, the front face of a glass 
substrate - stripe-like formation [ grating ] - public funds - The process which forms the detailed 
field where the electric-field impression ion exchange is performed using the 2nd ion with which the 
ion exchange progresses at low temperature, and refractive indexes differ in optical waveguide, The 
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manufacture approach of the opV waveguide grating characterized byWning a periodic 
refractive-index change into this optical waveguide, without providing and breaking down the 
configuration of optical waveguide. 

[Claim 4] The manufacture approach of an optical waveguide grating according to claim 3 that the 
1st ion with which the ion exchange progresses at an elevated temperature, and the ion exchanoe 
does not progress at low temperature is Tl ion, and the 2nd ion with which the ion exchange & 
progresses at low temperature is Ag ion. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the optical waveguide 
grating which forms refractive-index change of a detailed period in the optical waveguide embedded 
at the glass substrate m the optical propagation direction by the ion-exchange method for using a 
stripe-like metal mask. This technique is useful to manufacture of the ion-exchange mold optical 
waveguide grating used considering the lightwave signal of predetermined wavelength as multiplex 
or a wavelength demultiplexing component to separate. 
[0002] 

[Description of the Prior Art] In a flat-surface waveguide mold optical circuit, there are an ion- 
exchange method and the flame depositing method as a typical approach of forming the optical 
waveguide. An ion-exchange method is immersed into fused salt, using multicomponent glass as a 
substrate, forms optical waveguide according to thermion exchange or the electric-field impression 
ion exchange, and is a low-temperature process (about 200-500 degrees C). This approach has an 
advantage that manufacture is easy and cheap. To it, optical waveguide is formed because the flame 
depositing method deposits quartz system glass on Si substrate, and it is an elevated-temperature 
process (about 1200-1300 degrees C). Since this approach is put to an elevated temperature into a 
making process, its polarization dependence loss from which internal stress etc. acts in different 
direction, and becomes important by optical communication is large, and a process is complicated 
and serves as cost quantity. 

[0003] By the way, when an optical circuit is constituted, there is a grating as a very important 
technique. This grating is the detailed periodic structure formed in optical waveguide, and is applied 
to various optical devices, such as a wavelength filter, a reflector, and a mode transducer. 
[0004] In the case of a fiber grating, the refractive index of the glass ingredient which constitutes an 
optical fiber forms using changing with UV irradiation. As one concrete approach, the transmission 
grating (phase mask) in which irregularity was formed on the surface of quartz glass is installed and 
there is the approach of forming the interference fringe of ultraviolet radiation by interference of the 
primary [ +] transmission diffraction light [ primary / -]. The pitch of an interference fringe is set to 
one half of the grid periods of a phase mask, and this approach is excellent in repeatability. As other 
approaches, a half mirror separates ultraviolet radiation into the light beam of reinforcement, such as 
two, the optical path of two light beams is changed by the total reflection mirror each other arranged 
m parallel, and there is the approach of irradiating so that it may cross mutually on an optical fiber 
By this approach, two light beams interfere mutually on an optical fiber, and the optical intensity 
distribution of the interference fringe of periodic lambda=lambda / 2sin theta are formed. Here, it is 
the incident angle of the ultraviolet radiation which makes lambda the wavelength of ultraviolet 
radiation and makes incidence of theta to an optical fiber. 

[0005] Generally, in germanium dope optical fiber, by the exposure of ultraviolet radiation, optical 
damage arises and the refractive index of an exposure part increases. Therefore, in the core of the 
optical fiber with which the interference fringe of ultraviolet radiation was formed, the periodic 
refractive-index change corresponding to the optical intensity distribution of an interference fringe 
arises. That is, into the part by which ultraviolet radiation was irradiated, the refractive-index change 
with fixed width of face and period arises, and a fixed refractive index is maintained in the other 
part. The optical filter which reflects only a wavelength component with a wavelength [ lambda ] of 
2n alternatively, and penetrates the light of the other wavelength component by low loss according to 
such refractive-index distribution is formed. Here, n is the average refractive index of the optical 
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fiber core section. 

[0006] Also in a flat-surface waveguide mold optical circuit, a grating can be formed in optical 
waveguide by ultraviolet radiation exposure like the case of a fiber grating with doping germanium 
[0007] C ° re SeCtl ° n m CaSC ° f ° PtiCal waveguide b y tne flame depositing method. 
[Problem(s) to be Solved by the Invention] The optical waveguide formed by the flame depositing 
method has a large polarization dependency, and this kind of flat-surface waveguide mold optical 
circuit has a complicated process, and is cost quantity. Therefore, a grating also has polarization 
dependence and it becomes expensive. To it, although the waveguide mold optical circuit by the ion- 
exchange method is easy to produce and it is cheap, the concentration dependencies of a diffusion 

^i f » c I e "^"f 3 d f USi ° n c ° efficient etc - differ > and for natural diffusion of the ion by heat, even if 
OUTETINGU production of a minute period tends to produce the concentration modulation of a 
submicron period, it cannot be controlled by the glass ingredient and the dope ion kind, but is made 
difficult with them. 

[0008] Furthermore, the report is made about the attempt which waveguide is produced [ attempt 1 
on a glass front face and makes it produce an ion concentration modulation by the ion-exchange 
method, and since an anisotropy is in a waveguide configuration in the case of surface optical 
waveguide, loss also becomes [ a polarization dependency ] large greatly. In order to embed optical 
waveguide to near 10 micrometer, grating production must be made to maintain and diffuse a lateral 
concentration modulation to the depth, although it embeds to it and becomes effective [ a mold 1 in 
reduction of loss. Therefore, the effective approach of producing the grating of a minute period with 
a sufficient precision to such embedding mold optical waveguide is not yet developed. 
[0009] The purpose of this invention is offering the approach of producing the grating of a desired 
detailed period efficiently, as can form in the embedding optical waveguide of an ion-exchange mold 
easily the detailed field where refractive indexes' differ 
[0010] 

[Means for Solving the Problem] This invention is the approach of forming the optical waveguide 
grating from which ion-exchange mold optical waveguide is embedded into a glass substrate and the 
refractive index is changing to this optical waveguide the predetermined detailed period in the 
optical propagation direction, this invention devises the relation between a production process, a 
glass substrate, and a dope ion kind, or a dope ion kind - stripe-like formation [ grating ] - public 
funds - it is the manufacture approach of the optical waveguide grating which carries out the ion 
exchange using a group mask, and forms refractive-index change of a detailed period into the optical 
waveguide of an embedding mold, stripe-like formation [ grating ] - public funds - a group mask - 
for example, the period of 0.2-1.0 micrometers - the shape of stripes - a line - it is the structure 
where a large number (tens of thousands of [ for example, ]) array formation of the opening was 
carried out. 

[0011] the 1st approach - the front face of a glass substrate - optical waveguide pattern formation - 
public funds - the 1st ion-exchange process which prepares a group mask and performs thermion 
exchange - The 2nd ion-exchange process which performs the electric-field impression ion 
exchange and forms embedding mold optical waveguide in order to embed a part for the process 
which removes this metal mask for optical waveguide pattern formation, and refractive-index 
increase Kabe which carried out the ion exchange in a glass substrate, the front face of a glass 
substrate - stripe-like formation [ grating ] - public funds - by performing the ion exchange with 
high-concentration ion of the same kind rather than the time of the 1st ion exchange preparing a 
group mask and impressing electric field the 3rd ion-exchange process which controls ion 
concentration distribution periodically, without breaking down the configuration of optical 
waveguide, and this grating formation - public funds - the process which removes a group mask is 
provided. K 

[0012] By the 2nd approach, the ion concentration dependency of the interdiffusion coefficient in the 
glass of dope ion chooses the combination of strong ion and glass, and the front face of a glass 
substrate - optical waveguide pattern formation - public funds - the 1st ion-exchange process 
which prepares a group mask and performs thermion exchange - The 2nd ion-exchange process 
which performs the electric-field impression ion exchange and forms embedding mold optical 
waveguide in order to embed a part for the process which removes this metal mask for optical 
waveguide pattern formation, and refractive-index increase Kabe which carried out the ion exchange 
in a glass substrate, the front face of a glass substrate - stripe-like formation [ grating ] - public 
funds - the 3rd ion-exchange process which prepares a group mask and carries out thermion 
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exchange with high-concentrat"on of the same kind rather than the timRf the 1st ion exchange - 
By performing the electric-field impression ion exchange, in order to embed the part which carried 
out the ion exchange at the process and the 3rd ion-exchange process of removing this metal mask 
for grating formation to an optical waveguide part The 4th ion-exchange process which controls ion 
concentration distribution periodically is provided without breaking down the configuration of 
optical waveguide. 

[0013] the 3rd approach - the front face of a glass substrate - optical waveguide pattern formation - 
- public funds - the front face of the process which performs the ion exchange using the ion with 
which a group mask is prepared, the ion exchange progresses at an elevated temperature, and the ion 
exchange does not progress at low temperature, and forms the optical waveguide of an embedding 
mold, and a glass substrate ~ stripe-like formation [ grating ] - public funds - a group mask 
prepares and the process which forms the detailed field where the electric-field impression ion 
exchange performs using the ion with which the ion exchange progresses at low temperature and 
refractive indexes differ in optical waveguide provides 
[0014] 

[Embodiment of the Invention] An example of the production process by the 1st approach is shown 
in drawing 1 . 

(1-a) the front face of a glass substrate 10 - optical waveguide pattern formation - public funds - 
form the group mask 12. 

(1-b) Perform thermion exchange through the opening part of the metal mask 12 for optical 
waveguide pattern formation, and form a part for refractive-index increase Kabe 14 used as optical 
waveguide. 

(1-c) Remove this metal mask for optical waveguide pattern formation, in order to embed a part for 
refractive-index increase Kabe which subsequently carried out the ion exchange in a glass substrate 
perform the electric-field impression ion exchange and form the embedding mold optical waveguide 

(1-d) the direction which crosses this optical waveguide on the substrate front face of the right above 
of the embedding mold optical waveguide 16 of a glass substrate 10 - a line - grating formation of 
the shape of a stripe which has opening - public funds - form the group mask 18, and carry out the 
ion exchange with high-concentration ion of the same kind rather than the time of the 1st ion 
exchange, impressing electric field. A sign 20 shows the detailed field which carried out the ion 
exchange. 

(1-e) Remove the metal mask for grating formation. By this, without breaking down the 
configuration of optical waveguide, ion concentration distribution can be controlled periodically and 
refractive-index change of a detailed period can be formed. 

[0015] this (1-d) - before the concentration distribution to the longitudinal direction of the grating 
section is lost in thermal diffusion, the applied voltage in a process is set up so that it may become 
the rate which can diffuse ion in the request depth. Whatever the relation between dope ion 
concentration and a diffusion coefficient, this approach is effective. 

[0016] An example of the production process by the 2nd approach is shown in drawing 2 . 

(2-a) the front face of a glass substrate 30 - optical waveguide pattern formation - public funds - 

form the group mask 32. 

(2-b) Perform thermion exchange through the opening part of the metal mask 32 for optical 
waveguide pattern formation, and form a part for refractive-index increase Kabe 34 used as optical 
waveguide. 1 

(2-c) Remove this metal mask for optical waveguide pattern formation, in order to embed a part for 
refractive-index increase Kabe which subsequently carried out the ion exchange in a glass substrate, 
perform the electric-field impression ion exchange and form the embedding mold optical waveguide 
36. This process is the same as that of the 1st approach. 

(2-d) the direction which crosses this optical waveguide on the substrate front face of the right above 
of the embedding mold optical waveguide 36 of a glass substrate 30 ~ a line ~ grating formation of 
the shape of a stripe which has opening « public funds ~ form the group mask 38 and carry out 
thermion exchange with high-concentration ion of the same kind rather than the time of the 1st ion 
exchange. A sign 39 shows the detailed field by which the ion exchange was carried out. 
(2-e) Remove the metal mask for grating formation, and in order to embed the detailed field which 
carried out the ion exchange at the ion-exchange process [ subsequently / (2-d) ] to an optical 
waveguide part, perform the electric-field impression ion exchange. A sign 40 shows the embedded 
detailed refractive increment field. 
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[0017] By this approach, the in™iffusion coefficient in the inside of th>flass of the ion to dope 
selects the combination of the glass for which it depends on the dope ion concentration in glass 
greatly, and an ion kind, without disturbing the period of the minute pitch by natural diffusion by 
passing through the process of (2-d), ion concentration distribution can be controlled and an optical 
waveguide grating can be manufactured. 

[0018] | An example of the production process by the 3rd approach is shown in drawing 3 

(3-a) the front face of a glass substrate 50 - optical waveguide pattern formation - public funds - 

form the group mask 52. v 

(3-b) Perform thermion exchange through the opening part of the metal mask 52 for optical 
waveguide pattern formation, and form a part for refractive-index increase Kabe 54 used as optical 
waveguide. ' F 

(3-c) Remove this metal mask for optical waveguide pattern formation, in order to embed a part for 
refractive-index increase Kabe which subsequently carried out the ion exchange in a glass substrate 
perform the electric-field impression ion exchange and form the embedding mold optical waveguide 
56. This process is the same as that of the 1st approach. " 

(3-d) the direction which crosses this optical waveguide on the substrate front face of the right above 
of the embedding mold optical waveguide 56 of a glass substrate 50 - a line - grating formation of 
the shape i of a stripe which has opening - public funds - form the group mask 58 and form the 
detailed field 60 where the electric-field impression ion exchange is performed using the ion with 
which the ion exchange progresses at low temperature, and refractive indexes differ. 
(3-e) Remove the metal mask for grating formation. 

[0019] In this 3rd approach, Tl ion is used for formation of optical waveguide, for example and Ag 
ion is used for formation of a grating. Tl ion - the interdiffusion coefficient in glass - small - 500- 
degree-C order - comparatively - an elevated temperature - it is not - if - the ion exchange - not 
progressing . On the other hand, as for Ag ion, the ion exchange progresses at the temperature of 
about 300 degrees C or less. Therefore, it embeds according to Tl ion exchange at the processino 
temperature around 500 degrees C beforehand, and the optical waveguide of a mold is produced" and 
it a stripe-like mask is prepared in right above [ the / optical waveguide ] and the electric-field 
impression ion exchange of the Ag ion is carried out at the temperature of 300 degrees C or less an 
optical waveguide grating can be produced according to the ion exchange, without breaking down 
the configuration of the optical waveguide already produced 
[0020] 

[Example] as a glass substrate - soda lime glass - using - a dope ion kind - Ag ion - using - 
stripe-like formation [ grating ] - public funds - when produced at the process shown in drawing 1 
using a group mask (grating period: 0.5 micrometers), about 60% of reflection factors was obtained 
and the grating has been formed. ' 
[0021] two sorts of glass (Glass A and glass B) with which presentations differ as a glass substrate - 
using - as fused salt - AgN03 using - stripe-like formation [ grating ] - public funds - the group 
mask (grating period: 0.5 micrometers) was used, and it produced according to the process shown in 
drawing 2. . Rate-of-change deltaD(T)/deltaC of change of an interdiffusion coefficient to Ag ion 
concentration change deltaC in the presentation of Glass A and B and glass and a result (reflection 
factor) are shown in Table 1. Here, C is Ag ion / (Ag ion + alkali ion concentration) xlOO in glass 
and may be 5 to 10%. Moreover, deltaD (T) is the value to which C in the temperature of 280 
degrees C **(ed) the difference of the interdiffusion coefficient in 5% to 10% with C= 5% of 
interdiffusion coefficient. 
[0022] 
Table 1] 
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[0023] The combination of Glass A and Ag ion is deltaD(T)/deltaC=0.1, and reflection of light was 
not produced. To it, in the combination of Glass B and Ag ion, it was deltaD(T)/deltaC=0 35 and 
60% of reflection factors was obtained and the grating has been formed. Furthermore, grating 
formation was possible when deltaD(T)/deltaC was 0.2 or more, as a result of inquiring 
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[0024] W ^ 

[Effect of the Invention] this invention - above - the relation between a production process, a glass 
substrate, and a dope .on kind, or a dope ion kind - devising - stripe-like formation [ gratin* } - 
public funds - since it is the approach of carrying out the ion exchange using a group mask.lhe 
detailed field where refractive indexes differ can be easily formed in the embedding optical 
waveguide of an ion-exchange mold, and the grating of a desired detailed period can be produced 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing JJ The process explanatory view showing an example of the 1st approach of the 
manufacture approach of the optical waveguide grating concerning this invention. 
[Dra wing 2] The process explanatory view showing an example of the 2nd approach of the 
manufacture approach of the optical waveguide grating concerning this invention. 
[Drawing 3] The process explanatory view showing an example of the 3rd approach of the 
manufacture approach of the optical waveguide grating concerning this invention. 
[Description of Notations] 
10 Glass Substrate 

12 Metal Mask for Optical Waveguide Formation 

14 A Part for Refractive-Index Increase Kabe 
16 Embedding Mold Optical Waveguide 

15 Metal Mask for Grating Formation 

20 Detailed Field Which Carried Out Ion Exchange 
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[Drawing.!] 
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[Drawing 2] 
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[Drawing 3] 
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